Synthesis of a simple fluorescent naphthalimide based receptor 4-aminobenzyl-N-methyl-1,8-naphthalimide 3 was carried out as a selective fluoride ion sensor. In acetonitrile, interaction of 3 with different anions such as, AcO -, F -, Cl -, Br -, I -, and SCN -revealed significant fluorescence quenching only with the F -anion. In the presence of the fluoride anion, the color of the solution changed from a fluorescent green to violet and this was visible to the naked eye. The probable mode of sensing mechanism by photo-induced electron transfer (PET) reaction is attributed to deprotonation of acidic NH proton in the presence of fluoride which was confirmed by change in optical properties intramolecular charge transfer (ICT) and 1 H NMR spectral data analysis. The
Introduction
The selective recognition and sensing of anions via a synthetic organic scaffolds as a sensitive fluorescent chemosensor, containing a suitable receptor site and fluorophore have received considerable attention of chemists in past decades. 1 Fluoride anion plays significant role in chemical, environmental and biochemical processes, [2] [3] [4] hence their recognition is important. The non-covalent ionic recognition generally, governed by the energy of the receptor-anion interaction, geometry, basicity of the employed anion and nature of the solvent systems. In fact, a strong hydrogen bonding interaction is facilitated by the interaction with anions such as fluoride of relatively high electronegativity. Additionally, more impetus is realized on strategies that can demonstrate both chromo and fluorogenic changes upon interaction with anions utilizing binding site-signaling approach. [5] [6] [7] To make recognition process sensitive, simple and convenient to naked-eye chemosensors have been developed containing a chromophore and anion binding site that is capable to establish selective interaction with the specific anion either by directional hydrogen bonding or by donation of one or more hydrogen of NH fragment (deprotonation).
Of the various analytical techniques to make the ionic recognition easier fluorescence based methods are demanding as it offers more selectivity and sensitivity. [5] [6] [7] Based on different phenomenon of photophysics [8] [9] [10] various synthetic organic scaffolds containing a suitable receptor site such as, urea, 11 thiourea, 12 amides, 13 macrocyclic ammonium/guanidinium, 14 phenylhydrazone, 15 indole, 16 pyrrole, 17, 18 phenol, 19 1,2-diaminoanthraquinone 20 and 4-amino-1,8-naphthalimide derivatives 21 have been designed and developed for favorable naked-eye sensitive, ion-receptor interaction studies. Although much has been achieved however, the chromo and fluorogenic chemosensors that are capable to detect fluoride specifically are limited in number. 22, 23 Keeping these perspectives in mind we have previously developed a thiourea-based colorimetric sensor that was able to recognize both fluoride and acetate ions. 24 In the present report we designed a very simple naphthalimide based sensor 3 which could detect F -selectively and of almost the same sensitivity as reported by others.
Results and Discussion

Synthesis and optical behavior of 3
The simple naphthalimide-based chemosensor, 4-aminobenzyl-N-methyl-1,8-naphthalimide 3 was synthesized as reported previously 25 in high yield (Scheme 1). A yellow colored solid model compound 4 was obtained by reacting 3 in the presence of sodium hydride (NaH) with methyl iodide (MeI) in tetrahydrofuran (THF). In the present charge transfer signaling system naphthalimide moiety act as a fluorophore and the extended electron donating benzylamine unit is expected to generate an associated prominent optical signal in the recognition process. The N-H subunit appended in between naphthalimide and benzylamine units is speculated to facilitate receptor-ion interaction specifically and upon interaction with anions of sufficient basicity such as, F -would lead to a significant change in the optical properties of naphthalimide chromophore unit due to enhance charge density probably, as a result of deprotonation of N-H fragment. Thus, the ultimate negative charge develop on the receptor would modulate both UV-Vis and fluorescence spectra due to change in intramolecular charge transfer (ICT) and photoinduced electron transfer (PET) reactions ( Figure 1) . Consequently, the ultimate prominent visible color change from a yellow-green to a red in the solution of 3 was found sensitive to the naked eye. Further, the placement of benzyl group close to ion-receptor site will allow limited opportunity to a particular anion for interaction and make the sensing event selective. The crystal structure displayed the geometry of molecule and availability of exposed receptor site to interact with subjected anions and probability of electron transfer from receptor to electron deficient naphthalimide chromophoric unit. Crystal structure shows geometry of chemosensor 3 and structure demonstrates a probable electron transport mechanism.
UV-Vis absorption studies
The chemosensor 3 possess large dipole moment due to a strong intramolecular charge transfer (ICT) excited state. The UV-vis electronic transition spectrum of 3 (2 × 10 -5 M) in acetonitrile displayed two characteristic absorption bands at 427 nm (ε 19 250 M -1 cm -1 ) and 279 nm probably due to ICT state and a high energy π → π* electronic transitions respectively ( Figure  2 ). In order to understand the selective and sensitive anion binding affinity of 3 UV-vis absorption and fluorescent spectra were acquired in acetonitrile. Upon addition of different anions (5 equiv) such as, AcO -, F -, I -, Cl -, Br -and SCN -(as their tetrabutylammonium salts) the characteristic absorption spectra modulated significantly only in the presence of F -and two new bands appeared at 530 and 340 nm respectively, attributed to the charge transfer reaction from receptor site to naphthalimide moiety. The addition of other anions exhibited no significant change in the absorption spectra of 3, thus suggesting the high selectivity for F -anion. UV-Vis titration experiment was performed to understand the binding affinity of 3 with fluoride anion. The variation in charge transfer (CT) reaction upon interaction with F -may be attributed to deprotonation of acidic proton (N-H) present at C-4 position of naphthalimide unit or through hydrogen bonding interaction. 5 To understand that, strong bases such as tetrabutylammonium hydroxide (TBAOH), sodium hydride (NaH) and triethylamine (TEA) were added to a solution of 3. The color of solution changed to red upon addition of TBAOH and NaH while no such variation in color could be observed upon addition of TEA. However, on addition of methanol (a protic solvent) the original yellow-green color reappeared slowly, thereby suggesting reversibility in deprotonation of acidic proton (N-H) and hence probable mode of interaction of F -anion selectively leading to the formation of negatively charged naphthalimide (Naph -) and HF 2 -species (Scheme 1) in the medium, subsequently. Thus, the enhanced charge density on the naphthalimide unit due to push-pull character led to colorimetric changes and modulation in the electronic transition bands in which the intensity of absorption band at 427 nm and 530 nm 'switched-off' and 'switched-on' respectively. The above discussed results also indicate the occurrence of equilibrium between the host and guest molecule in which a proton is abstracted from N-H fragment of 3 and bridges fluoride ions to result in the hydrogen difluoride self complex as shown in the following equation.
[LH + 2F¯ → L¯ + HF 2¯] 
pH Studies
The probability of photoinduced electron transfer reaction was further ascertained by acid-base titration experiment and fluorescence spectra of 3 under different pH conditions were analyzed. It can be seen from Figure 7 (I) that upon increasing the pH of the medium from 1.0 to 5.0 there was a gradual increase in the relative fluorescence intensity. However, in the pH range 6.0 to 7.0 the enhanced fluorescence intensity decreased abruptly while, in alkaline pH conditions (in the range 7.0 to 12.0) the fluorescence intensity of 3 decreased significantly (Figure 7, II) . Thus, suggesting about the change in fluorescence intensity in two successive steps corresponding to the pH conditions. First, in acidic medium (below pH 6.0) at pH 1 -2, fluorescence intensity was relatively less. This increased gradually within the pH range 3 -6. The sharp fluorescence recovery could be attributed to protonation of the amino function of naphthalimide unit and hence, arrest in PET process. Secondly, when the pH of medium raised to alkaline conditions fluorescence decreased gradually due to the rapid PET reaction. Thus, the observed relative changes clearly supported the involvement of photoinduced electron transfer and proton transfer mechanism in the ion binding event and consequently change in the color of sensor solution (Inset, Figure 4) . Moreover, Figure 8 shows that the change in relative fluorescence intensity with respect to the pHs is almost sigmoidal therefore, suggesting about the proton-triggered fluorescence recovery, as expected in a typical PET system. The enhanced fluorescence in the pH range 1.0 to 5.0 (pKa 4.1 at pH 5.0) supports protonation of N-H fragment, whereas in alkaline conditions there was a continuous decrease in the intensity which was found maximum at pH 9.0 (pKa 8.86). Therefore, suggesting about the existence of an equilibrium between protonated and deprotonated species in the medium and the electron transfer originate from the aminobenzyl to naphthalimide unit. the resonances for H3, H5, H6 and H7 protons were shifted toward high and low fields respectively. The H3 (6.74 ppm, J 8.7 Hz) and H5 (8.23 ppm, J 8.4 Hz) protons of naphthalimide unit were substantially shifted toward highfield to appear at δ 6.63 and 8.14 ppm respectively, and were gradually broadened after the addition of 2.5 equiv of F -. The overlapped NH proton (with H2) on addition of fluoride ion separated and shifted toward highfield to appear as singlet at δ 8.36 ppm. Upon increasing the amount of fluoride ions (1.5 equiv) the NH resonance become broadened and shifted toward more highfield region and simultaneously a new signal at δ 16.3 ppm was appeared due to the formation of a new ion pair complex (bifluoride ion) HF 2 -species in the reaction medium 27 (extended stacked 1 H NMR spectra, Figure 9 ). The resonance signal for the formation of HF 2 -complex became dominant on increasing the amount of F -(2.5 equiv). The H7 and H3 protons of the naphthalimide unit in the presence of fluoride ions broadened and shifted toward low and high fields respectively however, benzyl ring protons almost remained unchanged. Thus, the 1 H NMR titration studies clearly suggested the deprotonation of 4-amino proton, in the sensing event with the formation of HF 2 -complex that increases the electron density on the naphthyl ring and concomitant upfield shift for the respective protons due to increased shielding effect. The complete disappearance of NH signal in the presence of fluoride ion clearly suggested that the deprotonation of 4-amino proton unit has occurred which obviously, enhanced the PET reaction and consequently, diminished fluorescence and respective colorimetric changes in the medium. 
Conclusions
We have developed a simple naphthalimide-based chemosensor for selective detection of F -in acetonitrile solution. The simple and highly colored chemosensor has demonstrated 'naked-eye' sensing event for F -involving photoinduced electron transfer mechanism. The 1 H NMR spectroscopic data confirmed the deprotonation of the NH fragment in the presence of fluoride ion.
Experimental Section
General. All the reagents were purchased from Merck and Sigma-Aldrich and were used without any further purification. To study the optical properties of chemosensor tetrabutylammonium (TBA) salts of different anions were utilized. Both UV-vis and fluorescence spectra have been recorded in acetonitrile (ACN) solution. 1 H NMR spectra were recorded in DMSO-d 6 solvent. IR spectra in KBr were recorded on a Varian-3100 FT-IR spectrophotometer. 1 H NMR spectra (chemical shifts in δ ppm) were recorded on a JEOL AL 300 FT-NMR (300 MHz) spectrometer, using TMS as internal standard. The UV-Vis absorption spectra were recorded on Shimadzu 1700 spectrophotometer using a quartz cuvette (path length 1cm). Fluorescence spectra were recorded on a Cary Eclipse fluorescence spectrophotometer (Varian). Single crystal data were generated on X-ray diffractometer (Xcalibur, Oxford) and were analyzed through SHELX-97 and Mercury software. All the spectroscopic experiments were carried out at 25 Fluorescence titration studies were carried out by increasing amount of TBAF to the solution of 3. Quantum yield of chemosensor was estimated by a secondary method, 30 utilizing equation (1) where A s and A x are the absorbance and F s and F x are integrated emission areas of standard and chemosensor respectively. Fluorescein has been used as a standard 31 (quantum yield in ethanol is 0.79). 25 To a suspension of 4-bromo-1,8-naphthalic anhydride (0.83 g, 3 mmol) in anhydrous ethanol (10 ml) methylamine (0.5 ml) was added and stirred the reaction mixture at 70 o C for 4 h. After completion of the reaction as monitored on TLC, cold water (25 ml) was added to the reaction mixture leading to formation of a precipitate that was filtered off. The precipitate was washed with 10% aqueous Na 2 CO 3 solution followed by water and dried to obtain an off white color solid in 91% yield (0.79 g, 2.7 mmol). Then, to a solution of 4-bromo-N-methyl-1,8-naphthalimide (0.58 g, 2 mmol) in anhydrous pyridine (7 ml), benzylamine (1 ml, 30 mmol) and triethylamine (100 µl) were added and reaction mixture was refluxed for 6 h. After the complete reaction (as monitored on TLC), the solvent was evaporated under reduced pressure and cold water was added to the thick oil to precipitate out the desired product, filtered and dried in air. 
